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DESCRIPTION 
SEMICONDUCrOR DEVICE 

5 Tecfanical Field 

The present invention relates to a semiconductor device having a 
plurality of semiconductor integrated circuits (ICs) such as an MOM 
(Multi Chip Module), and more particularly, to a semiconductor device 
having an input impedance matched to the impedance of an external 
10 circuit and capable of performing a high-speed operation. 

Back^;mimH Art 

Together with a recent tendency of higher degree of integration 
density of semiconductor devices, there has been an increasing demand 

15 for a higher-speed opemtion. In an optical communication system, for 
example, data transfer rate has been significantly increased and data 
transfer rates of 2.4 Gbps and 10 Gbps have already been realized in 
practical use. In the future, the data transfer rate is expected to be 
increased more and more. 

20 As tbe operational speed of the semiconductor device becomes 

higher, it is impossible to ignore the presence of a reflected signal 
generated in a transmission path that connects together interconnections 
within a semiconductor integrated circuit QC) or connects the 
semiconductor IC with another semiconductor IC. Therefore, a 

25 technique of impedance matching is used in a portion having a long 
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interconnection or long transmission path. 

FIG. 9 shows the configuration of a module in a conventional 
semiconductor device. A semiconductor device 21 has input/output 
connectors 27 connected to an external circuit. Each terminal of the 
5 connector 27 is connected to a corresponding input/output transmission 
path 22. Disposed on a mounting substrate/board 28 are a plurality of 
cascaded IC chips. More specifically, an input-side IC chip 24 and an 
output-side IC chip 26, which are connected to the input/output 
transmission paths 22, and the intermediate IC ch^ 25 are disposed on 

10 the mounting substrate/board 28. Each adjacent two of the IC chips 
disposed are connected together by one or more intemal transmission 
paths 23 formed on the mounting substrate/board 28. Each of the 
connectors 27 is connected to a coaxial cable (not shown), through 
which a signal is exchanged between the semiconductor device 21 and 

15 the external circuit. Here, a propagation in the coaxial transmission 
path will be described. Attenuation constant ot is represented by the 
following equation: o 

\ e d 

where d is the outer diameter of a central conductor, D is the inner 
20 diameter of an outside conductor, £ is the dielectric constant of 
insulator, Rs is the surface resistance, and M q is the magnetic 
permeability of vacuum. 

A smaller value of the Oi reduces the attenuation in the coaxial 
transmission path. In the above equation (1), from the view point of 
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the relation between the ratio of D to d and a , if D/d = 359, then a 
assumes a minimum value. The characteiistic impedance of the 
coaxial cable is represented by the following equation: 

5 where £ r is the relative dielectric constant of insulator. 

The coaxial cable uses polyethylene resin ( £ r = 2.3) as an 
insulator to support the central conductor. When this relative dielectric 
constant is assigned to the coaxial cable using the support for the central 
conductor, the characteristic impedance is about 50 Q (ohms) at the 

10 point of D/d - 3.59, where the attenuation constant assumes the 

minimum value. Therefore, the external impedance is generally set at 
50 ohms. The characteristic impedance of the input/output 
transmission path 22 is accordingly set at 50 ohms in order to achieve 
the Lmypedance matching to the external impedance. At the same time, 

15 the characteristic impedance of the internal transmission path 23 is also 
set at 50 ohms. The input/output impedance of the ICs (24 to 26) that - 
perform a high-speed operation is also set at 50 ohms. 

In the conventional technique, in order to set the input/output 
impedance of IC at 50 ohms, the input circuit of the IC is connected to a 

20 matching resistor of 50 ohms and, at the same time, the output circuit of 
the IC is also connected to another matching resistor of 50 ohms. 
Therefore, the output transistor of the IC is driven by a low load 
resistance. In the IC to which an output signal from the output 
transistor is input, the amplitude of the input signal is defined in order to 
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guarantee a normal operation of the IC on the signal input side. Tbe 
output transistor on the preceding-stage IC operates to meet the defined 
amplitude. However, being connected to a low load resistance as 
described above, the output transistor needs to be driven with a large 
5 current in order to meet the requirement. As a result, the following 
problems have arisen: 

(1) The current dissipation of the ICs (24 to 26) and semiconductor 
device (21) is increased because the output transistor is driven with a 
large current 

10 (2) The size of the IC should be increased because the size of the 
output transistor needs to be increased. 

(3) The current dissipation and the area of the IC are increased more 
and more because the number of stages or the size of the buffer circuit 
for driving the output transistor is increased. 

15 

Disclosure of the Invention 

In order to solve the problenois in the conventional technique as 
described above, it is an object of the present invention to provide a 
higher-speed and lower-power-dissipation semiconductor device in 
20 which the impedance matching between the input/output of the IC chip 
and the transmission path on the mounting substrate/board is achieved 
so as not to generate a signal reflection or signal loss even in a higher- 
speed operation, to thereby reduce the output drive cuirent of the IC 
chip. 

25 The present invention provides, in a first aspect thereof, a 
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semiconductor device induding a plurality of ICs including at least an 
input-stage IC and an output-stage IC, and signal transmission paths 
that connect each two of the plurality of ICs to achieve impedance 
matching therebetween, characterized in that: an input impedance of the 
5 input-stage IC and an output impedance of the output-stage IC are equal 
to a first impedance; and each of at least two of the plurality of ICs is 
impedance-matched to a coiresponding one of signal transmission paths 
at a matching impedance which is higher than the Gist impedance. 

The present invention also provides, in a second aspect thereo:^ a 
10 semiconductor device including a plurality of ICs including at least an 
input-stage IC and an ou^ut-stage IC, and signal transmission paths 
that connect each adjacent two of the plurality of ICs to achieve 
impedance matching therebetween, characterized in that: an input 
impedance of the input-stage IC and an output impedance of the output- 
is stage IC are first impedance and second impedance, respectively; each 
of at least two of the plurality of ICs is impedance matched to a 
corresponding one of the signal transmission paths at a matching 
impedance higher than a lower one of the first and second impedances. 
In accordance with the above configuration, the present invention 
20 provides the following advantages: 

(1) Since the load impedance of the output circuit of the IC within the 
semiconductor device is increased, the output current needed to obtain 
the same output voltage can be reduced. Further, the number of stages 
of the buffers needed for the output circuit can be reduced to thereby 
2 5 reduce the current dissipation of the IC and the entire semiconductor 
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device. 

(2) Since the operating current of the output transistor in the output 
circuit within the semiconductor device can be reduced, the size of the 
output transistor can be reduced and therefore the chip size of the IC 

5 chip can be reduced. 

(3) Since the number of stages of the buffers in the output circuit of 
the IC within the semiconductor device can be reduced, operational 
speed of the IC and semiconductor device incoiporating the same can 
be increased. 

10 The reason why the above advantages can be obtained will be 

described below with reference to FIG. 10 showing a concrete example 
of a conventional IC that uses a bipolar transistor. Note that, in FIG. 
10, the line A-A of the upper part should be coupled to the line A-A of 
the lower part. Here, Q6, Q7, Qll to Q19, Q21 to Q27, Q31, Q32, 

15 and Q41 to Q43 are bipolar transistors, R7, R8, Rll to R14, R21 to R28, 
and R31 to R34 are resistors, GND is a ground hne, and VEE is a 
power source line. v> 

FIG. 10 shows the configuration of the coimections between the 
output circuit 24b of the input-side IC chip 24 and the input drcuit 25a 

20 of the intermediate IC chip 25. The input-side IC chip 24 on the 

preceding stage has thereon a flip-flop drcuit 20 using an ECL (Emitter 
Coupled Logic) circuit. The output circuit 24b of the input-side IC 
chip 24 is connected through an intemal transmission path 23 formed 
on a mounting substrate/board 28 to the input drcuit 25a of the 

25 intermediate IC chip 25, which is connected to the IC chip on the 
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succeeding stage. The flip-flop ciicuit 20 is comprised of a core 
section (only a slave circuit is shown in FIG. 10) of the flip-flop dicuit ' 
and a two-stage buffer circuit including a di^rentlal circuit and an 
emitter-follower circuit configuring the output circuit 24b. The input 
5 circuit 25a of the IC chip connected to the succeeding stage is 
configured by an emitter-follower circuit. Hie characteristic 
impedance of the internal transmission path 23 on the mounting 
substrate/board 28 is 50 ohms, which is the same value of 50 ohms as 
the external impedance as described above. Further, the impedances 

10 of load resistors R31 and R32 on the last stage of the output circuit 24b 
are set at 50 ohms so as to achieve the inq)edance matching to the 
internal transmission padis 23 on the mounting substrate/board 2S. 
Further, resistors R33 and R34 of 50 ohms are connected to the input 
cixcuit 25a on the succeeding stage so as to achieve the impedance 

15 matching to the internal transmission paths 23 on the mounting 
substrate/board 28. 

As described above, in the conventional semiconductor device, ^> 
the impedance matching between the input/output circuits of the IC chip 
and the transmission path on the mounting substrate/board is achieved 

20 at 50 ohms which is similar to the external impedance. Therefore, a 
signal reflection or signal loss does not occur in the design of the 
conventional semiconductor device even if a higher operational speed is 
employed. In FIG. 10, the last-stage load resistor R31 (R32), which is 
50 ohms, and the matching resistor R33 (R34) of the input circuit 25a 

25 on the succeeding stage, which is 50 ohms, are connected in parallel to 
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the transistor Q41 (042), whereby the output load of the flip-flop circuit 
20 on the preceding stage is 25 ohms. Assuming that the required 
output an^litude is 0.5 Vp-p, a current of 20 mA is needed for the 
output drive current of the flqj-flop circuit 20 on the preceding stage. 
5 Therefore, the size of each of the last stage transistors Q41 to Q43 of the 
output drcuit 24b on the preceding stage needs to be large enough to 
drive a 20 mA current. Further, the two-stage buffer circuit is 
necessary in order to operate the large^ized transistor at a high speed. 
Moreover, the size of each of the transistor Q31 and Q32 that drive the 

10 output transistors (Q41, Q42) must be increased. In the flip-flop 
circuit 20 on the preceding stage shown in FIG. 10» the core section 
uses 2 X^mx5 X^m emitter size transistors and operates with a drive 
current of a 5 mA or less. In the output section, on the other hand, 20 
mA is required and therefore 2 Mmx20 /^m emitter size transistors 

15 (Q41 to Q43) are required for the last stage of the output circuit. 

Further, in order to drive the 2 fXmxlO Mm emitter size transistors 
on the last stage of the output circuit, the two-stage buffer circuit 
configured by the differential drcuit and emitter-follower circuit is 
required as a buffer circuit. Further, the emitter size of each of the 

20 transistors (Q31, Q32) that drive the large emitter size transistors (Q41, 
Q42) needs to be increased up to 2 At m x 10 Him. Thus, there 
occurs that the current dissipation is increased, and that the operational 
speed is lowered in some cases. Further, in the case where a 
semiconductor device or MCM including a plurality of IC chips is 

25 formed on a mounting substrate/board, each IC output circuit needs a 
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ciurent dissipation of 20 mA or more, resulting in a large current 
dissipation in teims of the entire device. 

In the semiconductor device shown in FIG. 9, the characteristic 
impedance of the input/output transmission path 22 needs to be set at 50 
5 ohms and therefore the matching resistances of the input circuit of the 
input-side IC chip 24 and tfie output dicuit of the output-side IC chip 26 
are set at 50 ohms; however, the characteristic impedance of the intemal 
transmission path 23 that is not connected to the coaxial cable need not 
be set at 50 ohms. The reason is as follows. Since the coaxial cable 

10 is generally used as a long transmission path, the characteristic 

impedance thereof is set at 50 ohms in order to reduce the attenuation. 
In the case of the intemal transmission path 23 having a small length, 
the importance need to be attached to the attenuation constant. 
Assuming that the characteristic impedances of the input/output 

15 transmission path 22 and the intemal transmission path are Zex and Zint, 
respectively, and that the characteristic impedance of the intemal 
transmission path 23 is set so that Zint = (X Zex ( > 1), each of the 
matching impedances of the output circuit of the input-side IC chip 24 
and the input circuit of the intermediate IC chip 25 is a Zex, with the 

20 result that the load impedance of the output transistor of the input-side 
IC chip 24 is aZ&x/l. Assuming that the input signal amplitude 
needed to drive the intermediate IC chip 25 on the next stage is Vin, 
current I needed in the case of the conventional circuit is represented by 
the following equation: 

25 I = Vin/2aZex 
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whereas, in the case of the semiconductor device according to the 
present invention, the required current I is represented by the following 
equation: 

5 I = Vin/2Zint = Vin/2aZex 

In this case, 1/ a is enough to drive the intermediate IC chip 25. 
Therefore, it is possible to reduce the size of the output transistor and 
thereby to reduce the number of stages and the size of the buffer circuit 
that drives the output transistor. Although the above advantages of the 
10 present invention can be obtained so long as a > 1, it is preferable that 
2 < a < 10 be satisfied. The reason is that the advantage obtained by 
the present invention is relatively limited if a is not more than 2 and it 
may be impossible to ignore other adverse effects such as an increase in 
signal loss or signal delay if a is not less than 10. 

15 

Brief Description of the Drawings 

FIG. lA is a block diagram exemplifying a semiconductor device ' > 

according to the present invention, and FIO. IB is a block diagram 

exemplifying a conventional semiconductor device; 
20 FIG. 2 is a block diagram schematically exemplifying the 

configuration of the semiconductor device according to the present 

invention which include interconnections other than transmission paths; 
FIG. 3 is a perspective view of a semiconductor device according 

to a first embodiment of the present invention; 
2 s FIG. 4 is a circuit diagram of the semiconductor device according 
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to the first embodiment of the present invention; 

FIG. 5 is a circuit diagram of a semiconductor device according 
to a second embodiment of the present invention; 

FIG. 6 is a circuit diagram of a semiconductor device according 
5 to a third embodiment of the present invention; 

FIG. 7 is a block diagram of a semiconductor device according to 
a fourth embodiment of the present invention; 

FIG. 8 is a block diagram of a semiconductor device according to 
a fifth embodiment of the present invention; 
10 FIG. 9 is a perspective view of a conventional semiconductor 

device; and 

FIG. 10 is a circuit diagram of the conventional semiconductor 
device. 

15 Best Mode for Carrying Out the Invention 

FIG. lA is a block diagram schematically exemplifying the 
configuration of the semiconductor device according to the present 
invention. As shown in the same drawing, a semiconductor device 
100 includes a plurality of ICs disposed therein, including an input- 

20 stage IC 104, an output-stage IC 106, and one or more intermediate- 
stage IC 105, which are cascaded by signal transmission paths. The 
signal transmission paths include input/output transmission paths 102 
coimected to external transmission paths 101 and one or more internal 
transmission paths 103 each connecting adjacent two of the ICs. 

25 Although the characteristic impedance Z of the input/output 
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tiansmission path 102 is set at 50 ohms in order to achieve the 
impedance matching to the characteristic impedance Z (Z = 50 ohms) of ' 
the extemal transmission path 103, the characteristic inq)edance Z of 
the intemal transmission path 103 is set at more than 50 ohms (e.g., Z = 
5 200 ohms). The input-side IC 104 or output-side IC 106 is disposed 
between the extemal transmission path 101 and the intemal 
transmission path 103, and the intemoiediate IC 105 is disposed between 
two of the intemal transmission paths 103. The impedances of the 
input/output circuits of each of the semiconductor ICs are set to match 

10 the characteristic impedances of the transmission paths connected to the 
respective input/output circuits. More specifically, the input 
impedance of an input drcuit 104a of the input-side IC 104 is set at 50 
ohms, the output impedance of an output circuit 104b of the input-side 
IC 104 is set at more than 50 ohms, the input impedance of an input 

IS drcuit 105a and the output inq}edance of an ou^jut circuit 105b of the 
intermediate IC 105 are set at more than 50 ohms, the input impedance 
of an input drcuit 106a of the output-side IC 106 is set at more than 50 <> 
ohms, and the output impedance of an output drcuit 106b of the output- 
side IC 106 is set at 50 ohms. 

20 The semiconductor device 100 may have a modular con£[guration 

such as an MCM. The mounting substrate/board, on which the 
transmission paths are formed and the semiconductor ICs are mounted, 
may be a semiconductor substrate, an inorganic board made of ceramic, 
or a resin board made of glass epoxy. Further, the mounting 

25 substrate/board may be an insulator-coated metal board. In the case 
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where the mounting substrate/boaid is a semiconductor substrate, 
devices such as transistors may be formed within the substrate. The 
transmission paths may be formed direcdy on a package, and the 
semiconductor integrated circuits may be mounted directly on the 
5 package (mounting substrate/board may serve also as a package). 

Although not shown in the semiconductor device of FIG. 1, 
interconnections other than the transmission path, such as a power 
source line, are actually formed on the mounting substrate/board. 
More specifically, as shown in FIG. 2, interconnections 107 other than 

10 transmission paths, such as a power source line, a ground line, and a 
control line are foimed, if needed in addition to the input/output 
transmission paths 102 and intemal transmission paths 103, on a 
mounting substrate/board 100a having thereon the ICs 104 to 106, 
However, the present invention is not focused on the intercoimections 

15 other than the transmission paths, and is ^tirely focused on the 
transmission paths. 

The output signals of the input-side IC 104 and intermediate IC 
105 may be input to a plurality of ICs via transmission paths having 
branches. Further, passive components such as a capacitor or an 

20 inductor, or a thin-film active component may be formed on the 
mounting substrate/boaid. Further, an active component or passive 
component other than a semiconductor integrated circuit may be 
separately mounted on the mounting substrate^oard. Each of the ICs 
104 to 106 may be a bare chip IC or a packaged IC Further, an MCM 

25 structure in which a plurality of IC chips are mounted may be adopted. 
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The characteristic impedances of all the internal transmission 
paths 103 need not be set at a fixed value. For example, the 
characteristic impedances of some of internal transmission paths 103 
may be 100 ohms, and the characteristic impedances of the other 
5 intemal transmission paths 103 may be 200 ohms. Further, the 

characteristic iiopedances of all the intemal transmission paths 103 need 
not be more than the characteristic impedances of the input/output 
transmission paths. Only the characteristic impedances of some of the 
intemal transmission paths 103 may be set at not less than 50 ohms. 

10 The advantages of the present invention may be obtained when at least 
the characteristic impedances of some of the intemal transmission paths 
103 are set at more than the characteristic impedance of the iaput/output 
transmission paths. However, the maximimi advantage will be 
obtained when the diaracteristic impedances of all the intemal 

15 transmission paths 103 are larger than the characteristic impedance of 
the input/output transmission paths. In terms of design man-hours or 
easiness of manufacturing, it is most desirable to set the characteristic ^ 
impedances of all the intemal transmission paths 103 at a fixed value. 
It is most preferable to use a coaxial cable as the external 

20 transmission path 101, in terms of signal transmission quality, easiness 
of connection, and reduction in design man-hours. 

Although the transmission rate or jfrequency of the signal used in 
the semiconductor device according to the present invention is not 
particularly limited, the present invention is effectively applied to the 

25 case where the signal transmission rate is higher than 1 Gbps or signal 
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frequency is higher than 800 MHz, in which the problem of impedance 
matching is of significant importance in view of reduction of the signal ' 
reflection. In particular, when a signal transfer rate exceeds 2.4 Gbps 
or a signal frequency exceeds 1 GHiz, the problem of impedance 
5 matching becomes more seiious, with the result that the advantages of 
the present invention become more significant. 

For comparison with the semiconductor device 100, a 
conventional semiconductor device is shown in FLG. IB. In FIG. IB, 
reference numerals for the components include least significant two 

10 digits which are common to the least significant two digits of the 
reference numerals used for the corresponding con^onents in the 
semiconductor device of Fig. 1 A, and duplicated description of these 
components will be omitted herein. In the conventional technique, the 
characteristic impedances of all the transmission paths are set at the 

1 5 same value of 50 ohms as the characteristic impedance of the extemal 
transmission path, and input/output impedances of all the input/output 
circuits of respective ICs are set at 50 ohms. 

First Embodiment 

20 FIG. 3 is a perspective view showing the configuration of a 

semiconductor device according a first embodiment of the present 
invention. In FIG. 3, reference numerals for the components include 
the least significant digit which is common to the least significant digit 
of the reference numerals for the corresponding components in the 

25 conventional semiconductor device of HG. 9, and duplicated 
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description of these components will be omitted herein. In the present 
embodiment, the characteristic impedances of the input/ou^ut 
transmission paths 12 that are connected to respective external circuits 
through the connectors 17 are set at the same value of 50 ohms as the 
5 external impedance; whereas the characteristic impedances of the 
intemal transmission paths 13 that coimect together a plurality of IC 
chips are set at 200 ohms, which is higher than the external impedance. 
The input impedance of the input circuit of the input-side IC chip 14 
and the output impedance of the output circuit of the output-side IC chip 

10 16 are set at 50 ohms so as to match the diaracteristic impedances of the 
input/output transmission paths 12; whereas the output impedance of 
the input-side IC chip 14, the input impedance of the output-side IC 
chip 16, and the input/output impedances of the intermediate IC chip 15 
are set at 200 ohms, which is higher than the external impedance. That 

15 is, the input impedance of the input-side IC chip 14 that incorporates 
therein the input circuits of the entire semiconductor device 11 is set at 
50 ohms and the output impedance thereof is set at 200 ohms. On the <> 
other hand, the input impedance of the output-side IC chip 16 that 
incorporates therein the output circuits of the entire semiconductor 

20 device is set at 200 ohms and the output impedance thereof is set at 50 
ohms. 

With reference to HG, 4, the configuration of the connections 
between the IC chips within the semiconductor device will now be 
described. Here, connections between an ou^ut circuit 14b of the 
25 input-side IC chip 14 and an input circuit 15a of the intermediate IC 
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chip 15 is shown as an example, wherein the input-side and 
intermediate IC chips include therein bipolar transistors. In FIG. 4, Ql 
to Q7 are bipolar transistors, Rl to R8 are resistors, GND is a ground 
line, and VEE is a power source line. The output circuit 14b of the 
5 input-side IC chip 14 is configured by an emitter-follower circuit and a 
differential circuit. The load resistors R3 and R4 of the last stage are 
set at 200 ohms. The input circuit 15a of the intermediate IC chip 15, 
which is connected to the input-side IC chip 14 as the IC chip of the 
succeeding stage, is configured by an emitter-follower circuit. The 

10 matching resistors R5 and R6 of 200 ohms are set in the input section of 
the intermediate IC chip 15. The output circuit 14b of the iaput-side 
IC chip 14 on the preceding stage and the input dicuit 15a of the 
intermediate IC chip 15 on the succeeding stage are connected to each 
other through the internal transmission paths 13 each formed on a 

15 mounting substrate/board 18 and having a characteristic impedance of 
200 ohms. Thus, impedance matching is achieved. The load 
resistors R3 and R4 of the preceding stage, which are 200 ohms, and (he- 
matching resistors R5 and R6 of the succeeding-stage input circuit 15a, 
which are 200 ohms, aUow the output load of the output circuit 14b on 

20 the preceding stage to assume 100 ohms. Assuming that the output 
amplitude is 0.5 Vp-p, the output drive current needed for the output 
circuit 14b on the preceding stage is 5 mA, thereby reducing the current 
dissipation. 

Further, in the case where a semiconductor device or MCM 
25 having a plurality of IC chips is formed on the mounting substrate/board. 
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the ciment dissipation of 20 mA, which has been required for respective 
IC output circuits in the prior art, may be reduced to 1/5 in the present 
embodiment Thus, the current dissipation of the entire semiconductor 
device is significantly reduced. 
5 Although the input matching resistors R5 and R6 are cormected 

between the base of the transistor Q6 and ground and between the base 
of the transistor Q7 and ground^ respectively, in the present 
embodiment, the input matching resistor may be connected between the 
base and the power source line depending on the circuit scheme. 

10 

Second Embodiment 

FIG. 5 shows a part of the circuit configuration of a 
semiconductor device according to a second embodiment of the present 
invention. The entire configuration of the semiconductor device 

15 according to the second embodiment is similar to that of the second 
embodiment shown in FIG. 3. More specifically, FIG. 5 shows the 
configuration of connections between the input-side IC chip 14 and titie 
intermediate IC chip 15. In HG. 5, Ql to Q7 and Ql 1 to Q19 are 
bipolar transistors, Rl to R8 and Rll to R14 are resistors, GND is a 

20 ground line, and VEE is a power source line. A flip-fiop circuit 10 
using an ECL basic circuit is mounted on the input-side IC chip 14 on 
the preceding stage. The output circuit 14b of the input-side IC chip 
14 and input circuit 15a of the intermediate IC chip 15 on the 
succeeding stage are connected to each other through the internal 

25 transmission paths 13 formed on a mounting substrate/board 18. The 
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flip-flop drcuit 10 is configured by a core section (only a slave circuit is 
shown in FIG. 5) of the flip-flop circuit and a one-stage buffer circuit 
including an emitter-follower drcuit and a differential drcuit The 
load resistors R3 and R4 on the last stage are set at 200 ohms, 
5 respectively. The input drcuit 15a of the intermediate IC chip 15, 
which is connected to the output drcuit 14b of the input-side IC chip 14 
as the IC chip on the succeeding stage, is configured by an emitter- 
foUower circuit. The matching resistors R5 and R6 of 200 ohms are 
set in the input section. The output drcuit 14b of the flip-flop drcuit 

10 10 on the preceding stage and the input circuit 15a of the intermediate 
IC chip 15 on the succeeding stage are connected to each other through 
the internal transmission paths 13 each formed on the mounting 
substrate/board 18 and having a characteristic impedance of 200 ohms. 
ThuSj impedance matching is achieved. The load resistors and R4 

15 on the last stage, which are 200 ohms, and the matching resistors R5 
and R6 of the succeeding-stage input drcuit 15a, which are 200 ohms, 
allow the output load of the flip-flop circuit 10 on the preceding stage to^ > 
assume 100 ohms. Assuming that the ou^ut amplitude is 0.5 Vp-p, 
the output drive current needed for the output drcuit of the flip-flop 

20 drcuit 10 on the preceding stage is 5 mA, thereby reducing the current 
dissipation. In the conventional case, an output drive current of 20 
mA has been required and therefore the last stage of the output drcuit 
has been configured by transistors each having a large emitter size of 2 
M m X 20 At m. On the other hand, in the present invention, the 

25 required output drive current is reduced to 5 mA, whereby the last stage 
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of the output circuit may be configured by transistors each having the 
same emitter size of 2 m x 5 M m as the emitter size of transistor to be 
used in the core section of the flip-flop circuit For the configuration 
of ICs, there was a need to drive large-sized transistors on the last stage, 
5 which requires a two-stage buffer circuit including a differential circuit 
or emitter-follower circuit; whereas, in the present invention, the sizes 
of the transistors on the last stage are reduced, whereby a one-stage 
buffer circuit is enough for the driving. Thus, it is possible to operate 
the IC at a higher speed by reducing the current dissipation of the entire 
10 IC and the number of buffer circuits. 

Third Embodiment 

FIG. 6 shows a part of the circuit configuration of a 
semiconductor device according to a third embodiment of the present 

15 invention. The entire configuration of the semiconductor device 
according to the third embodiment is similar to that of ttie second 
embodiment shown in HG. 3. More specifically, FIG, 6 shows the ^> 
configuration of connections between tibie input-side IC chip 14 and the 
intermediate IC chip 15. In FIG. 6, Tl to T7 are field-effea transistors, 

20 Rl to R8 are resistors, VCC is a power source line, and GND is a 
ground line. The output circuit 14b of the input-side IC chip 14 is 
configured by a source-follower circuit and a differential circuit. Each 
of the load resistors R3 and R4 on the last stage is set at 200 ohms. 
The input circuit 15a of the intermediate IC chip 15, which is connected 

25 to the output circuit 14b of the input-side IC chip 14 as the IC chip on 
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the succeeding stage, is configured by a souice-follower circuit The 
matching resistors R5 and R6 of 200 ohms are set in the input section. 
The output circuit 14b of the input-side IC chip 14 on the preceding 
stage and the input circuit 15a of the intermediate IC chip 15 on the 
5 succeeding stage are connected to each other through the intemai 
transmission paths 13 each formed on a mounting substrate/board 18 
and having a characteristic impedance of 200 ohms. Hius, impedance 
matching is achieved. The load resistors R3 and R4 on the preceding 
stage, which are 200 ohms, and the matching resistors R5 and R6 of the 
10 succeeding-stage input circuit 15a, which are 200 ohms, allow the 
output load of the output circuit 14b on the preceding stage to assume 
100 ohms. 

Also in the case where the semiconductor integrated circuit is 
configured by field-effect transistors, reductions in the output current of 
1 5 the output transistors and in the size thereof can be realized. 

The field-effect transistors Tl to T7 may be MOS type transistors 
fonned on a Si substrate or MES type transistors formed on a GaAs 
substrate. 

Although the input matching resistors R5 and R6 are connected 
20 between the source of the transistor T6 and the power source line and 
between the source of the transistor T7 and the power source line, 
respectively, in the present embodiment, the input matching resistor 
may be connected between the source and ground depending on the 
circuit scheme. 



25 
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Fourth Embodiment 

FIG. 7 shows the cdicuit configuration of a semiconduaor device 
according to a fourth embodiment of the present invention. The fourth 
embodiment shows the case where the present invention is applied to a 
5 mobile phone or a wireless LAN terminal. A mobile phone, such as a 
PDC (personal digital cellular) or PHS (personal handyphone system), 
or a wireless LAN terminal, such as a Bluetooth, is generally configured 
by a semiconductor device 300 including a transmitting circuit and a 
receiving circuit, such as shown in FIG. 7. The semiconductor device 

10 300 is configured by an RF block 300A and an IF/Baseband block 
300B. The RF block 300A includes an antenna switch 308, a low- 
noise amplifier 310, a power amplifier 319, mixers 311, 318 and the 
like and operates for processing of a high-frequenc/ signal. The 
IF/Baseband block 300B includes a variable-gain amplifier 312, a 

15 quadrature demodulator 313, an A/D converter 314, a D/A converter 
315, a quadrature modulator 316, a driver amplifier 317 and the like. 
In the PDC portable phone, the RP block operates for processing of a ^ 
signal of 800 MHz and the signal is changed to 100 to 200 MHz 
through the mixer 311. In the Bluetooth, the RF block operates for 

20 processing of a signal of 2.4 GHz and the signal is changed to 3 MHz 
through the mixer 311. In the receiving circuit of the RF block 300A, 
an RF receiving signal received through the antenna 301 is passed 
through the anteima switch 308, band-pass filter 309, and low-noise 
amplifier 310, applied to the mixer 311, mixed with a local osdUating 

25 signal firom a local oscillator, and converted into an IF receiving signal. 
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In the transmitting dicuit of the RF block 300A, an IP transmission 
signal is mixed with a local oscillating signal from the local oscillator 
321 by the mixer 318 and converted into an RF transmission signal. 
After being passed through the power amplifier 319, band-pass filter 
5 320, antenna switch 308, and antenna 301, the RF transmission signal is 
delivered. The input/output of the IC in the RF block 300A described 
above has conventionally been effected through a transmission path 
formed on a printed-circuit board and having an impedance of 50 ohms. 
In the case of the present invention, on the receiving circuit side, the 

10 impedances of a transmission path 302 between the antenna switch 308 
and the band-pass filter 309, transmission path 303 between the band- 
pass filter 309 and the low-noise amplifier 310, and transmission path 
304 between the low-noise amplifier 310 and the mixer 311 are set at an 
impedance higher than 50 ohms (e.g., 100 ohms). On the transmitting 

15 circuit side, the impedance of a transmission patii 305 between the 
mixer 318 and power amplifier 319 is set at an impedance higher than 
50 ohms (e.g., 100 ohms), and the impedances of a transmission path ^> 
306 between the power amplifier 319 and the band-pass filter 320, and 
transmission path 307 between the band-pass filter 320 and antenna 

20 switch 308 are set at 50 ohms. Therefore, on the receiving circuit side, 
the receiving-side output of the antenna switch 308, the input/output of 
the band-pass filter 309, the input/ouiput of the low-noise amplifier 310, 
and the input of the mixer 311 are matched to an in[q)edance higher than 
50 ohms (e.g., 100 ohms). Similarly, on the transmitting circuit side, 

25 the output of the mixer 318 and input of the power amplifier 319 are 
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matched to an impedance higher than 50 ohms (e.g., 100 ohms). On 
the transmitting circuit side» the output of the power amphfier 319, the 
input/output of the band-pass £Olter 320, and the transmitting-side input 
of the antenna switch 308 are matched to an impedance of 50 ohms. 
5 As descaibed above, it is possible to reduce the current dissipation 

by setting the input/output of the ICs at an inq)edance higher than 50 
ohms to allow the impedances between the ICs to be matched. 

Although the output of the antenna switch, the input/ou^ut of the 
low-noise amplifier, the input of the mixer, and the like are matched to 
10 an impedance higher thaun 50 ohms in tiie above embodiment, the inputs 
or outputs of other ICs, for example, the input/output of the band-pass 
filter 320 may be matched to an impedance higher than 50 ohms. 

Fifth Emb rtHimftnt 

15 FIG. 8 shows the configuration of a semiconductor device 

according to a fifth embodiment of the present invention. In a 
semiconductor device 400 according to the £fth embodiment, an MCM ^ 
400A and an MCM 400B are mounted on a common mounting 
substrate/board. The two MCMs are connected to each other through 

20 an inter-MCM transmission path 402C formed on the same mounting 
substrate/board. On the MCM 400A to which a signal is iaput through 
an external transmission path 401, an input-side IC 404A, an 
intermediate IC 405 and an output-side IC 406A are mounted, whereas 
input/output transmission paths 402A, 402B and an internal 

25 transmission path 403 are formed thereon. On the MCM 400B, an 
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input-side IC 404B^ an interniediate IC 405 and an output-side IC 406B 
axe mounted, whereas input/output transmission paths 402A, 402B and 
an internal transmission path 403 are formed thereon. The MCM 
40QB outputs a signal through an extemal transmission path 401. 
5 Although the characteristic impedance of the input/output transmission 
path 402A is set at the same value of 50 ohms as the characteristic 
impedance of the extemal transmission path, the characteristic 
impedances of the input/output transmission path 402B, the intemal 
transmission path 403, and the transmission path 402C between MCMs 

10 are set at 200 ohms. Therefore, an iaput circuit 404Aa of the input- 
side IC 404A and output circuit 406Bb of the output-side IC 406B are 
impedance matched to 50 ohms; whereas an ou^ut circuit 404Ab of the 
input-side IC 404A, the input circuit 405a and output drcuit 405b of the 
intermediate IC 405, the input circuit 406Aa and output circuit 406Ab 

15 of the output-side IC 406A, the input drcuit 404Ba and output circuit 
404Bb of the input-side IC 404B, and the input circuit 406Ba of the 
output-side IC 406B are inq)edance matched to 200 ohms. 

Here, attention is paid to the MCM 400A and MCM 400B and it 
is found that the characteristic impedances of the input/output 

20 transmission paths 402A and 402B are set at different values £rom each 
other in these semiconductor devices. However, the present invention 
includes the semiconductor device 400 as well as semiconductor 
devices represented by the MCM 400A and MCM 400B. In other 
words, a semiconductor device in which the characteristic impedances 

25 of the ii^ut-side transmission path and the output-side transmission 



05-04-08: 1 4:13 -.^g^^f^ FAX03-5295-0853 Dickstein ;0352950853 # 3( 

26 

path are set at diff&r&at values from each other is also included in the 
scope of the present invention. According to the present invention, in 
the case where the characteristic impedances of the input-side 
transmission path and the output-side transmission path are set at 
5 different values from each other, the characteristic impedance of at least 
one internal transmission path is set higher than that of the inpul/output 
transmission path having a lower characteristic impedance. 

The signal transmission paths that connect together intemal ICs 
may have different characteristic impedances eadi corresponding to one 

10 of a plurality of groups of the signal transmission paths. In this case, 
the input or output impedance of each of the ICs is so selected as to 
match the characteristic impedance of the corresponding signal 
transmission path. 

Although the preferred embodiments of the present invention 

1 5 have thus been described heretofore, it is to be understood that the 
present invention is not limited to the above-described embodiments, 
and various modifications may be made without departiag from the 
spirit and scope of the invention. For example, the case where the 
present invention is applied to a flip-flop circuit used as the output 

20 section of the IC on the preceding stage has been described in the above 
embodiments. Altematively, however, the present invention is 
applicable to other circuits such as an amplifier circuit. 



